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I n t r o d i i c t i o n  

N i c t o r i c a l l y ,  models of c o a l  s t r u c t u r e  have been developed  on t h e  p remise  t h a t  
i t s  p r i n c i p a l  c h a r a c t e r i s t i c s  can be a t t r i b u t e d  t o  t h o s e  of a complex s o l i d  phase. 
Atti?mpts t o  d e s c r i h e  and p o r t r a y  t h i s  phase have focused on embodying measured 
coinijrisitional pa rame te r s  i n t o  a n  ' a v e r a g e '  molecule  which p r e s e n t s  a s t a t i s t i c a l  
r ep res i ? - i t a t ion  of t h e  whole molecu la r  assemhly.  The va lue  of such  an approach  is 
very l i , n i t e d  p a r t i c u l a r l y  i n  i t s  a b i l i t y  t o  d e s c r i b e  b e h a v i o r a l  c h a r a c t e r i s t i c s .  
Furt .herlnore,  i t  does  no1 t a k e  accoun t  of t h e  e x i s t e n c e  of compara t ive ly  low 
m n l e c u l s r  weight e x t r a c t a b l e  l i q u i d s  which a r e  p r e s e n t  i n  a l l  excep t  a n t h r a c i t i c  
C.0.71S ( I  ). 

I n  b i tuminous  c o a l s ,  t h e  ch lo ro fo rm s o l u b l e  m a t e r i a l s  have been shown t o  
d i r e c t l y  i n f l o r n c e  coal f l u i d  p r o p e r t i e s  ( 2 4 ) .  The r o l e  o f  t h e  ' b i tumens '  h a s  been 
s u e z e s t r d  t o  be t h a t  o f  s o l v a t i n g  and  hydrogen-donat ing  a g e n t s  f o r  t h e  remainder  of 
t h e  ~ 0 . 9 1  s u b s t a n c e  ( 2 ) .  By a n a l o g y ,  i t  h a s  been proposed t h a t  e x t r a c t a b l e  c o a l  
1 i q u i d s  can p rov ide  a s i m i l a r  f u n c t i o n  d u r i n s  coa l  l i q u e f a c t i o n  (5) .  Exper iments  
have shown t h a t  t h e  e x t r a c t i o n  of b i tuminous  and subbi tuminous  c o a l s  i n  ch lo ro fo rm 
p r i o r  t o  l i q u e f a c t i o n  a d v e r s e l y  i n f l u e n c e s  t h e  n e t  l i q u e f a c t i o n  y i e l d  (6).  

A t  moderate t e m p e r a t u r e s  on ly  a small p r o p o r t i o n  of c o a l  may be e x t r a c t a b l e  in 
s o l v e t i t s  such a s  ch lo ro fo rm.  llowever, i t  h a s  long  been recognized  t h a t  by 
p r e h e a t i n g  the  c o a l  up t o  t e m p e r a t u r e s  of 400'C a n d  above,  t h e  y i e l d  can be  
i n c r e a s e d  s e v e r a l  f o l d  ( 2 . 7 - 8 ) .  Brown and Waters  ( 2 )  concluded  t h a t  t h e  normal 
y i e l d  rif e x t r a c t  i s  r e l a t e d  t o  t h e  a c c e s s i b i l i t y  of t h e  po res  t o  s o l v e n t ,  which is 
enhanced by p r e h e a t i n g  ( s w e l l i n g ) .  S i m i l a r l y ,  i t  h a s  been found t h a t  t h e  y i e l d s  of  
a l k a n e s  p r e s e n t  i n  benzene /e thano l  s o l v e n t  e x t r a c t s  was h i g h e r  by 8-10 t imes  i n  t h e  
l i q i i e f a c t i o n  p r o d u c t s  of  t h e  same c o a l s ,  a l t h o u g h  t h e  d i s t r i b u t i o n  of t h e  v a r i o u s  
s p e c i e s  was very s i m l l a r  i n  bo th  c a s e s .  I t  was concluded  t h a t  t h e  i n c r e a s e d  y i e l d  
of a l k a n e s  on l i q u e f a c t i o n  was due t o  t h e i r  l i b e r a t i o n  from r e g i o n s  of  t h e  s t r u c t u r e  
h i t h e r t o  i n a c c e s s i b l e  t o  s o l v e n t  ( 9 ) .  

The work of Vahrman ( 1 0 )  has  shown t h a t  i n  t h e  Soxh le t  e x t r a c t l o n  of c o a l s  
ex tended  f o r  s e v e r a l  hundred h o u r s ,  t h e  q u a n t i t y  of e x t r a c t  p r o g r e s s i v e l y  i n c r e a s e s ,  
a l b e i t  a t  very low r a t e s ,  and u l t i m a t e l y  approaches  t h a t  of  t h e  t a r  produced i n  low 
t e m p e r a t u r e  (450° )  p y r o l y s i s .  
s u g g e s t i o n s  t o  t h e  e f f e c t  t h a t  p r o p o r t i o n  of c o a l  which is p o t e n t i a l l y  e x t r a c t a b l e  
i s  much l a r g e r  t han  i s  g e n e r a l l y  assumed bu t  t h a t  i t  i s  n o t  r e a d i l y  a v a i l a b l e  due 
L t s  b e i n g  con ta ined  i n  c l o s e d  o r  r e s t r i c t e d  p o r o s i t y  ( 1 1 ) .  

These f i n d i n g s  a r e  c o n s i s t e n t  with more r e c e n t  

T!iere a r e  a t  l e a s t  two p o s s i b l e  s o u r c e s  o f  e x t r a c t a b l e  o r  t r apped  l i q u i d s ;  by 
r e a c t i o ~ l s  d u r i n g  c o a l i f i c a t i o n  l e a d i n g  t o  t h e  fo rma t ion  and accumula t ion  of  lower 
molecu l s r  weight m a t e r i a l  ( 2 ) ;  by p h y s i c a l  en t r apmen t  o f  r e l a t i v e l y  unmodif ied  
comporietits o f  p l a n t  o r i g i n  ( 9 , 1 2 - 1 4 ) .  The preaerice of t h e s e  m a t e r i a l s  i n  t h e  
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c o a l  masq and t h e i r  i n f l u e n c e  on  i t s  p r o p e r t i e s  have  promoted a number of 
sugp,est ions c o n c e r n i n g  c o a l  s t r u c t u r e  ( 1 , 2 )  which have  been r e v i t a l i z e d  Jn r ecen t  
y e a r s  ( 1 5 - 1 7 ) .  E s s e n t i a l l y  c o a l  i s  c o n s i d e r e d  t o  compr ise  a r e l a t i v e l y  r i g i d l y  
honded t h r e e  d imens iona l  ne twork  which a c t s  a s  a h o s t  f o r  l ower  molecu la r  welgli t  
s p e c i e s  c o n t a i n e d  i n  both open  and c l o s e d  o r  p a r t i a l l y  c l o s e d  pores .  I n  e f f e c t ,  t h e  
s t r i i c t u r a l  model i s  t h a t  of a multicomponent sys tem which, i n  t h e  l i g h t  of p r e s e n t  
knowledge. a p p e a r s  t o  be a more c o n s i s t e n t  and r e a l i s t i c  bas i s  f o r  c o a l  r e s e a r c h  
than  t he  e a r l i e r  s i n g l e  phase  concep t s .  

Wi t l i  t h i s  background,  r e s e a r c h  i n v e s t l g a t i o n s  have been i n i t i a t e d  t o  examine 
t h e  l o x  t e m p e r a t u r e  (;4OO0C) c a t a l y t i c  hydrogenat  i o n  of c o a l s .  
o b j e c t i v e s  a r e  t o  d e t e r m i n e  I f  i t  is  p o s s i b i e  t o  t n c r e a s e  t h e  y i e l d  of e x t r a c t a b l e  
l i q u i d s  th rough  t h e  breakdown or  m o d i f i c a t i o n  of t h e  network under  mild 
hydroR:an:itive c o n d i t i o n s .  Through, so d o i n g ,  i t  i s  hoped i )  t o  d e r i v e  i n f o r m a t i o n  
a b o ~ l t  <le s t r u c t u r e s  a n d  i n t e r a c t i o n s  of t h e  ' ne twork '  and 'mobile '  phases  and i t )  I 

t o  ; ? sc< . r t a in  t h e  i n f l u e n c e  o f  such a p r e t r e a t m e n t  upon t h e  behav io r  of c o a l  i n  I 
subsequen t  r e a c t i o n s .  E a r l i e r  r e s e a r c h  h a s  shown t h a t  low t e m p e r a t u r e  chemica l  
r e d u c t i o n  o f  c o a l s  ( t r e a t m e n t  w i t h  a s o l u t i o n  of  l i t h i u m  i n  e t h y l a m i n e )  can  i n c r e a s e  
tlie H / C  r a t i o  and s o l u b i l i t y  i n  p y r i d i n e  (18) .  

The g e n e r a l  

The approach  which h a s  been adopted f o l l o w s  t h e  work of  Hawk and Hl t sehue  (19) 
2nd WPIInr ( 2 0 )  who j . n v e s t i g a t e d  c a t a l y t i c  c o a l  hydrogena t ion  i n  t h e  absence of 
solrer i :  i n  o r d e r  t o  reduce t h e  number of  v a r i a b l e s  i n  t h e  sys tem and t h e  problems of 
l n t c r p r e c a t i o n .  The p r i n c i p a l  d i f E e r e n c e  i n  t h e  s t u d i e s  r e p o r t e d  h e r e ,  compared t o  
tlie e a r l i e r  work, i s  t h a t  r e a c t i o n s  have been conducted  a t  s u b s t a n t i a l l y  lower 
terniw?r.il'ires n n d  p r e s s u r e s .  

KYArri m m t  a1 

I 
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Cor! 1 P r e  pa r  a t  i on 

SJm;,les o f  3 b i tuminous  c o a l  were o b t a i n e d  i n  undried 1 1 2 ' '  lump form from The 
Pent isylva?ia  S t a t e  Llniv r s l t y  Coal Sample Rank. The c o a l s  were g round ,  w i thou t  
d r y i n g  t r )  minus 8 0 0 ~ 1 0 - ~  m i n  a g love  box which was f i r s t  purged and ma in ta ined  
uiider pr t ' ssure  u s i n g  a f l o w  of  oxygen-f ree  n l t r o g e n .  The t o t a l  g round p roduc t  was 
r i f f l e d  and t h e n  d l v i d e d  i n t o  approx ima te ly  20 gram l o t s  which were s e a l e d  i n t o  
v i a l s  wh l l e  s t l L l  i n  t he  g l o v e  box. The o r t g i n  and a n a l y s i s  of t h e  ground c o a l s  a r e  
summarized i n  Tab le  1 .  

The molybdenum c a t a l y s t  used l n  t h e s e  expe r imen t s  was impregnated  o n t o  t h e  

The p rocedure  was t o  mix t h e  
c o a l s  us ing  an aqueous  s o l u t i o n  of ammonium hep ta  molybdate  (NH4)6M~7024.4H20 
( s u p p l i e d  by c o u r t e s y  of  Climax Molybdenum, Co.). 
p r e r e q u i s i t e  q u a n t i t y  o f  t h e  molybdenum s a l t  w i t h  t h e  c o a l  f o l l o w i n g  which 
s u f f i c i e n t  d i s t i l l e d  wa te r  was added t o  form a t h i c k  s l u r r y  which was s t i r r e d  f o r  30 
minu tes  a t  room t empera tu re .  The e x c e s s  wa te r  was removed by vacuum a t  room 
t empero tu re  o v e r n i g h t .  ( I t  was e s t i m a t e d  t h a t  by t h i s  t echn ique  more t h a n  98% u t  of 
c a t a l y s t  was r e t a i n e d  on t h e  coa l . )  

Reac t ion  and P roduc t  Workings -- 

Reac t ions  were c a r r i e d  ou t  u s i n g  s t a n d a r d  t u b i n g  hombs (20  c c  c a p a c i t y )  
co i r - t ruc t ed  o u t  of 316  s t a i n l e s s  s t e e l  whlch were loaded w i t h  approx ima te ly  5 g of 
samplr .  The bomhs were  f i r s t  purged of a i r  s e v e r a l  t lmes  w i t h  n i t r o g e n  a n d ,  i f  
r e q i i l r d .  purged  o f  n i t r o g e n  and s e a l e d  w l t h  t h e  r e a c t a n t  g a s  t o  a c o l d  p r e s s u r e  of 
1000 psifi.  The bombs were hea ted  by Immersion i n  a p rehea ted  f l u i d i z e d  sandba th  
h e a t e r  Arhich r a p i d l y  r a i s e d  t h e  c o n t e n t s  of t h e  bomb t o  r e a c t i o n  t empera tu re .  
A g i t a t i o n  was p rov ided  by o s  l l l a t l n g  t h e  bomb th rough  a v e r t i c a l  d i sp l acemen t  of 5 
cm a t  a f r equency  of 50 sec-'. A t  t h e  end of t h e  r e a c t l o n  p e r i o d ,  t h e  bomb was 

68 



removed from t h e  sandbat l i  and quenched by immersion i n  water .  

l h e  e x c e s s  p r e s s u r e  i n  t h e  bomb was r e l e a s e d  by v e n t i n g  a t  room t e m p e r a t u r e  
d u r i n g  which t ime g a s  samples  were c o l l e c t e d  €o r  a i i a l y s i s .  The r e a c t o r  c o n t e n t s  
were comple te ly  removed t o  a p r e d r i e d  ceramic  S o x h l e t  th imble  u s i n g  ch lo ro fo rm as 
wash s o l v e n t .  Soxl i le t  e x t r a c t i o n s  were t h e n  c a r r i e d  o u t  f o r  1 2  hours  i n  b o i l i n g  
chloroFnrm under  a p r o t e c t i v e  b l a n k e t  of n i t r o g e n .  The r e s u l t i n g  r e s i d u e  was d r i e d  
i n  vaciir) a t  llO°C f o r  12 h o u r s  t o  remove remaining s o l v e n t .  

$ 

The ch lo ro fo rm e x t r a c t s  were f i l t e r e d  (Whatman 4 2  f i l t e r  p a p e r )  under  a 
n i t r o g e n  b l a n k e t  and t h e  e x c e s s  ch lo ro fo rm removed on a r o t a r y  e v a p o r a t o r  a t  
40°C. Che r e s u l t i n g  product  was then  f u r t h e r  d r i e d  i n  vacuo f o r  1 hour  a t  
110°C. 
under  ref  r i g e r a t e d  c o n d i t i o n s .  

J 

The r e s i d u a l  and e x t r a c t  p r o d u c t s  were s e a l e d  unde r  n i t r o g e n  and s t o r e d  

The t o t a l  y i e l d s  of  c h l o r o f o r m  s o l u b l e  e x t r a c t  and g a s e s  were c a l c u l a t e d  from \ 
t h e  mass of d r t e d  c h l o r o f o r m  i n s o l u b l e  r e s i d u e  and r e p o r t e d  a s  a p e r c e n t a g e  of dmmf 
c o a l .  I n  t h o s e  c a s e s  where c a t a l y s t  had been added ,  t h e  assumpt ion  was made t h a t  
t h e  molybdenum i n  t h e  r e s i d u e  had been conver ted  t o  a 50-50 mixture  of MOO 
MoS,. 
n o t ' a f f e c t  the  g e n e r a l  t r e n d  shown i n  t h e  d a t a .  The r e p r o d u c i b i l i t y  of t h e  t o t a l  
y f e l d s  was found t o  be w i t h i n  Z Y .  

Anal y t i c A  

and 
T h i s  assumpt ion  r e q u i r e s  v e r i f t c a t i o n  b u t  any r e s u l t i n g  i n a c c u r a c y  a o e s  

-I 

The ch lo ro fo rm s o l u h l c  e x t r a c t s ,  t h e  i n s o l u b l c  r e s i d u e s  and n o n e x t r a c t e d  c o a l s  
were ana lyzed  f o r  e l e m e n t a l  composi t ion .  
n.m.r.  s p e c t r o s c o p y  ( u s i n g  p y r i d i n e  a s  s o l v e n t )  and by h i g h  r e s o l u t i o n  mass 
s p e c t r o m e t r y  (KRATOS M-50 s p e c t r o m e t e r ,  r e s o l i l t i o n  1:30,000) .  The mass 
s p e c t r i i m e t r i c  method employed d i r e c t  probe sample i n t r o d u c t i o n  which a l l o w s  a n a l y s i s  
of m a t e r i a l s  which a r e  v o l a t i l i z e d  a t  350°C and a p r e s s u r e  of 

The e x t r a ? t s  were a l s o  ana lyzed  by 'H 

mm Of 
mercury . \7% 

The p a r e n t  c o a l s  and n o n e x t r a c t e d ,  r e a c t e d  samples  were ana lyzed  by 13C 
n.m.r. u s i n g  two independent  methods t o  de t emine  d i f f e r e n c e s  i n  a r o m a t i c i t y ;  
c r o s s - p o l a r  magic a n g l e  s p i n n i n g  and t h e  Bloch decay  technique.(Z\> 

R e s u l t s  and Discuss ion  

E x t r a c t  Y i e l d s  

The t o t a l  y i e l d s  of  c h l o r o f o r m  e x t r a c t e d  l i q u i d s  and g a s e s  o b t a i n e d  under  
d i f l e r e n t  r e a c t i o n  c o n d i t i o n s  a r e  shown i n  T a b l e  2 and a r e  p r e s e n t e d  i n  F i g u r e  1. 
I t  can  be seen  t h a t  t h e  e x t r a c t  y i e l d  o b t a i n e d  i n  n i t r o g e n  i n c r e a s e s  w i t h  
tempera ture  from 0.9% a t  b l o c  t o  a va lue  of  9.2% a t  40OoC. 
h e a t i n g  on e x t r a c t  y i e l d  a r e  c o n s i s t e n t  w i t h  t h o s e  r e p o r t e d  p r e v i o u s l y  ( 1 , 2 , 7 , 8 )  and 
the  v.tlue a t  4OO0C i s  of t h e  same o r d e r  a s  h a s  been measured € o r  c o a l s  of 
s i m i l a r  rank ( 2 ) .  

The e f E e c t s  o f  

More n o t a b l y ,  a t  t e m p e r a t u r e s  above about  325OC, t h e  t o t a l  y i e l d  i s  
I n c r e a s e d  t o  some d e g r e e  by t h e  presence  of hydrogen g a s  and more a p p r e c i a b l y  by t h e  
combina t ion  o f  hydrogen and impregnated c a t a l y s t .  In t h e  l a t t e r  c a s e ,  t h e  y i e l d  a t  
600'C amounted t o  43.1% of dmmf c o a l  which is mure than  a f a c t o r  of two h i g h e r  
t h a n  obLained i n  hydrogen a l o n e  and over  f o u r  t i m e s  t h a t  i n  n i t r o g e n .  Accura te  
f i g u r e s  f o r  t h e  g a s  make a r e  n o t  y e t  a v a i l a b l e  a l t h o u g h  from p r e l i m i n a r y  e s t i m a t e s  
t h e  q u a n t i t y  d o e s  n o t  a p p e a r  t o  be h i g h e r  t h a n  about  5% dmmf c o a l  a t  t h e  maximum 
t o t a l  y i e l d  measured. 
a s u b s t a n t i a l  p r o p o r t i o n  of t h e  c o a l  s u b s t a n c e  has  been rendered  s o l u b l e  and 

Consequent ly ,  i t  can  be s c e n  t h a t  by c a t a l y t i c  hydrogena t ion  
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TABLE I 

COAL ANALYSIS 

Bituminous HVA 
PSOC 1266 
Ohio 1/5 (Lower Kittanning) 
East Fairfield C '(1 

3.36 
6.09 

83.20 
4.97 
8.64 
2.06 
1.35 
0.76 

' b y  I r w  tempcrature nsl i ing  

TABLE 2 

TOTAL YIELDS (CHLOROFORM SOLUDLES AND GASES) FRON BITUMINOUS COAL 
REACTED FOR 1 h, 1000 p s i g  GAS (COLD) 

Reat tion Temperature, O C  

250 
300 
350 
400 

Yield % dmmf+ 
Noncatalyzed Catalyzed" 

____ 
____ 

0 . 9  
1.2 
6 . 3  

19 .3  

0 . 3  
1 .3  
9 . 2  

43.1 

, 

'Yields are the average ot at least two results. Estimated error tl%. 

5%. MCI on a.r. coal added a s  ammonium liepta molybdate. 
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e x t r a c t a b l e  i n  ch loroform.  The l e s s e r  improvement i n  y i e l d  found i n  hydrogen a l o n e  
mav be a t t r i b u t a b l e  t o  c a t a l y s i s  by d i s p e r s e d  m i n e r a l  m a t t e r .  

From t h e s e  d a t a  I t  i s  n o t  p o s s i b l e  t o  a s c e r t a i n  whether  t h e  c h l o r o f o r m  s o l u b l e  
m a t e r i a l s  r e a l i z e d  under  h y d r o c e n a t i v e  c o n d i t i o n s  a r e  d e r i v e d  s o l e l y  from t h e  more 
r f f i c l e - t  l j b e r a t i o n  of t r a p p e d  s p e c i e s  or  whether  t h e r e  is some accompanyin% 
decompf ls t t ion  o f  t h e  'network. '  N e v e r t h e l e s s ,  t h e  h i s h  y i e l d s  o b t a i n e d  w i t h  
imprecvlnted c a t a l y s t  sugy.est t h a t  a p r o p o r t i o n  of  t h e  e x t r a c t a b l e  p r o d u c t s  may be 
Producrri th rouph r e a c t i o n s  which i n v o l v e  b r e a k i n g  r e l a t i v e l y  s t r o n g  c h e m i c a l  bonds. \ 

- Coal and E x t r a c t  Composition 

The c o a l  a r o m a t i c i t i e s  measured by 13C n.m.r. a r e  shown i n  T a b l e  3. The 
r e s u l t s  o b t a i n e d  by t h e  two methods d i f f e r  s i s n i f i c a n t l y  i n  a b s o l u t e  t e r m s ,  r e a s o n s  
f o r  which a r e  c u r r e n t l y  beiny! i n v e s t i g a t e d ,  The d i f f e r e n c e s  a r e ,  however,  
s y s t e m a t l c  and d e p i c t  t h e  same r e l a t i v e  changes  i n  f , which show t h a t  under  
h o t h  s e t s  of r e a c t i o n  c o n d i t i o n s  t h e  a r o m a t i c i t y  inc?eases .  I n  t h e  p r e s e n c e  of 
c a t a l y s t  t h e  e x t e n t  of a r o m a t i z a t i o n  i s  reduced b u t  t h e  n e t  c h e m i c a l  r e a c t i o n s  
e v i d e n t l y  i n v o l v e  d e h y d r o g e n a t i o n  r a t h e r  t h a n  hydroRenat ion .  

a r e  c o n s i s t e n t  w i t h  t h e  "C n.m.r. a n a l y s e s .  The r e s u l t s  f o r  t h e  c h l o r o f o r m  
s o l u b l e  e x t r a c t s  d o  no t  r e f l e c t  t h e  same t r e n d ,  t h e  hydrogen c o n t e n t  of t h e  e x t r a c t s  
d e r i v e d  f o l l o w i n g  r e a c t i o n  bein,? s i m i l a r  t o  o r  h i g h e r  t h a n  t h a t  from t h e  p a r e n t  
c o a l .  I n  t h e  absence  of Ras a n a l y s e s ,  i t  is d i f f i c u l t  t o  draw any  i n f e r e n c e  from 
t h e s e  d a t a ,  a l thouRh i t  i s  notewor thy  t h a t  t h e  hydrogen  c o n t e n t  o f  t h e  e x t r a c t s  f a  
l i t t l e  t n f l u e n c e d  hy t h e  s u b s t a n t i a l  chanRes i n  y i e l d .  

1 

The hydrocrn  c o n t c n  and  t h e  H I C  r s t i o s  of t h e  c o a l s  and r e s i d u e s ,  T a b l e  4 ,  
-* 

The r o l e  of t h e  added c a t a l y s t  i s  n o t  a t  a l l  c l e a r .  Its a d d i t i o n  r e s u l t s  i n  a 
two-fold i n c r e a s e  i n  an  e x t r a c t a b l e  m a t e r i a l  w h i l e  a p p a r e n t l y  t h e r e  is only a s m a l l  
e f f e c t  on n e t  hydrogenat ion .  

F u r t h e r  c o m p o s i t i o n a l  a n a l y s e s  of  t h e  e x t r a c t s  were u n d e r t a k e n  t o  a t t e m p t  t o  
e l u c i d a t e  t h e  f u n c t i o n ' o f  t h e  c a t a l y s t  and the  o r i K i n  of t h e  a d d i t i o n a l  c h l o r o f o r m  
s o l u b l e  l i q u i d s .  
d e r i v e d  from hydroRenat ive  r e a c t i o n s  i n  t h e  p r e s e n c e  and absence  of  added c a t a l y s t ,  
were found t o  h e  v i r t u a l l y  i n d i s t i n g u i s h a b l e ,  T a b l e  5 .  

The hydroKen t y p e  d i s t r i b u t i o n s  by 'H n.m.r. of e x t r a c t s ,  

A comparison of t h e  d i s t r i b u t i o n  of hydrncarhon f r a c t i o n s  of t h e s e  same samples  
o b t a i n e d  by h i g h  r e s o l u t i o n  mass s p e c t r o m e t r y  (IIRtlS)  and s u b s e q u e n t  d a t a  r e d u c t i o n  
i s  shown i n  FiRure 2. The format  f o r  t h i s  f i g u r e  i s  s imply  a p l o t  o f  i o n  i n t e n s i t y  
v s  Z number c l a s s  (Cxl12x-z) w i t h  e a c h  2 number c l a s s  o r d e r e d  by c a r b d n  
number. (Thus ,  benzenes  c o n t r i h u t e  t o  2-6 n a p t h a l e n e s  t o  Z-12 p h e n a n t h r e n e s  t o  2-18 
and p y r e n e s  t o  2-22.)  
was approximate ly  t h e  same f o r  t h e  two e x t r a c t s  (32% f o r  c a t a l y z e d ,  35% 
n o n c a t a l y z e d )  and t h e  s i m i l a r i t y  of  t h e  HRHS p r o f l l e s  i n d i c a t e s  t h a t  t h e  
d i s t r i h u t i o n  and c o m p o s l t i o n  of t h e  hydocarbons is a l s o  very  s i m i l a r .  T h i s  c l o s e  
c o r r e s p o n d e n c e  of  H R N S  p r o f i l e s  was a l s o  observed  f o r  o t h e r  compound c l a s s e s  i n  t h e  
e x t r a c t s  (Cxlly02, CxHyO,  C H N).  

The y i e l d  o f  hydrocarbons  ( a s  a f r a c t i o n  of t o t a l  e x t r a c t )  

I X Y  

I n o t  y e t  known i f  t h e y  a r e  r e p r o d u c i b l e  o r  s l m l f i c a n t .  A f u r t h e r  and p o s s i b l y  
A numher of  minor d i f f e r e n c e s  were d e t e c t e d  i n  a l l  of t h e  p r o f i l e s  b u t  i t  is 

i m p o r t a n t  d i s t i n c t i o n  was t h a t  i n  t h e  monoxysenate p r o f i l e  ( C  !I 0) t h e  
e x t r a c t  from t h e  c a t a l y z e d  r e a c t i o n  showed a h i r h e r  c o n c e n t r a t i h  of monoaromatlc 
phenols .  
e x t r a c t  c o n t a l n e d  a measurahly  h i g h e r  c o n c e n t r a t l o n  of  p h e n o l i c  -OH groups .  T h i s  
p a r t i c u l a r  phenomenon which h a s  been noted i n  e a r l i e r  s t u d i e s  of low t e m p e r a t u r e  
c o a l  r e d u c t i o n  ( 1 8 )  i s  t h e  s u b j e c t  of c o n t i n u i n g  i n v e s t i g a t i o n .  

Examinat ion  by d i s p e r s i v e  i n f r a r e d  s p e c t r o m e t r y  conf i rmed t h a t  t h i s  
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TABLE 3 

ARI~~LZTICI'IIES OF NONEXTRAC'IEI) COA1.S BY I 3 C  n.m.r. 

r il (CP-MS) 

f a  (Block Decay) 

Samp I e 

Reactiun ,iL 400°C. 1 t i ,  1000 p s i g  H2 ( c o l d )  

No A d d 4  ( : a L a l T v  MO I m  re n a t e d  -___ I'areiit Cun1 

0.71 0.78 0.74  

0.75 0.84 0.79 

TABLE 4 

HYDROGEN C O N l E N T  AND H / C  ATOMIC RA'TIO OF COALS, 
EXTRACI'S AND RESIDUES 

Ke.irtir,ii 400"C,  I h ,  1000 p s i g  H 2  ( co ld )  
- 

__- Pariwt  Coal - No Added Ca ta lys t  Mo Impregnated 

H wt% dmnlf 4 . 9 7  

H/C Atomic 0.72 
(:<la I 

r a t  i o  

H 2: dmmf 4.8h 

H/C i i t un i i c  0.71  
R e s  i d u c  

r a t  i n  

11 r! dmmf 6 . 5 2  

H / C  atomic 1.01 
l:~<tlil<:.t 

r a t i o  

4.51 

0.65 

4.00 

0 .58  

7 . 2 5  

I .05 

TABLE 5 

IIYDROGEN TYPE DISTRIBUTION OF CHLOROFORM SOLUBLE EXTRACTS 
BY 'H n.m.1-. 

( C { W I  t-e;l(:ted :IL 400°C. 1000 p " i x  Hz) 

0.% 0 . 2 5  0.05 

0.34 0 . 2 4  0.07 

5.06 

0 .71  

4.61 

0.63 

6.95 

1.00 

L' 

0 . 3 2  

0.30  
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I 
O v e r a l l  (and e x c e p t l n e  t h e  p o s s i b l e  p r o d u c t i o n  o f  p h e n o l s )  a l t h o u g h  t h e  

c a t a l y s t  h a s  heen found t o  have a major i n f l u e n c e  upon t h e  r e l e a s e  a n d / o r  p r o d u c t i o n  
o f  c h l o r o f o r m  s o l u b l e  m a t e r i a l ,  t h e  a v a i l a b l e  c o n p o s l t i o n n l  I n f o r m a t i o n  i n d i c a t e s  
t h a t  i t s  mechanism I s  u n u s u a l l y  s u h t l e .  The a d d i t t o n a l l y  e x t r a c t a h l e  l i q u i d s ,  
whether  o r i g i n a l l y  t r a p p e d  o r  d e r i v e d  from t h e  'ne twork '  a r e  very  s i m i l a r  i n  
s t r u c t u r e  t o  t h o s e  g e n e r a t e d  i n  t h e  absence  of c a t a l y s t .  
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Figure 1. YIELD OF CHLOROFORM SOLUBLE LIQUIDS AND GASES AS A FUNCTION 
OF REACTION TEMPERATURE 
(Bituminous coal, 5% Me loading on as-received coal. reaction l h ,  1000 p i i t  cold 
pressure) 
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